To evaluate the safety and efficacy of gadoxetic acid disodium-enhanced magnetic resonance (MR) imaging for the detection of focal liver lesions, with results of histopathologic examination and/or intraoperative ultrasonography used as a standard of reference.
detection to ensure correct staging, while high specificity prevents tumors from being falsely rated as inoperable and patients with inoperable tumors from being scheduled for surgical procedures.
Relatively noninvasive modalities used to image the liver include ultrasonography (US), computed tomography (CT), and magnetic resonance (MR) imaging; more invasive modalities include CT during arterial portography, angiography, and intraoperative US. Among the noninvasive techniques, MR imaging with an extracellular contrast medium such as gadopentetate dimeglumine or a liver-specific contrast agent has been shown to have higher sensitivity and specificity for lesion detection and characterization than spiral CT (2) (3) (4) (5) . Liver-specific contrast media already approved and in use include superparamagnetic iron oxide particles, which target the Kupffer cells, and mangafodipir trisodium and gadobenate dimeglumine, which are taken up by hepatocytes (6 -8) .
The majority of published clinical studies have involved assessment of the accuracy of lesion detection by counting lesions. However, the decision as to whether a patient should undergo surgery and the planning of any surgery require that the number of lesions and the location and nature of each lesion are determined with the highest possible accuracy. Gadolinium ethoxybenzyl diethylenetriaminepentaacetic acid (gadoxetic acid disodium, Primovist; Schering, Berlin, Germany) is an alternative hepatobiliary contrast agent that can be administered as a bolus injection. It is characterized by a higher biliary excretion fraction in humans than is gadobenate dimeglumine (9) . Given the unique properties of this contrast agent, the purpose of our study was to evaluate the safety and efficacy of gadoxetic acid-enhanced MR imaging for the detection of focal liver lesions, with results of histopathologic examination and/or intraoperative US used as a standard of reference.
MATERIALS AND METHODS
The study was designed as a prospective, open-label, within-patient comparison of the diagnostic performance of nonenhanced and gadoxetic acid-enhanced MR imaging in terms of liver lesion detection and localization. Investigators from 14 European centers in six different countries took part in the study and constituted the European EOB Study Group. The study was reviewed and approved by a central ethics committee and the local ethics committee at each study center. Each patient gave written informed consent.
Patients
Of the 169 patients enrolled, seven were later classified as having dropped out according to the study protocol. Ultimately, results in 162 patients who received the contrast material being tested were valid for safety analysis and were evaluated in the blinded reading. Results in 26 of these 162 patients were excluded from the efficacy analysis because a valid standard of reference for the whole liver was lacking in these cases. There had been major protocol deviations (eg, T1-weighted gradient-echo imaging was not performed 20 minutes after contrast agent injection, or the administered contrast agent dose was Ϯ10% of the required dose) in the examinations of five of the remaining 136 patients; hence, data in these patients were excluded from all per-protocol-set analyses. Thus, the data from the remaining 131 patients (78 men, 53 women; mean age, 58 years; age range, 21-82 years; mean weight, 73 kg; weight range, 41-130 kg) were able to be evaluated for efficacy and were included.
At the time of a patient's inclusion in the study, all diagnostic procedures performed within 4 months prior to the study were recorded. The most common previous procedures were US (144 of 162 patients), followed by spiral CT (138 of 162 patients) and laboratory testing (eg, for tumor markers; 118 of 162 patients). MR imaging with an extracellular contrast medium had been performed in 63 of 162 patients, and biopsy results were available for 53 of 162 patients. Most procedures had been performed within 2 months before a patient entered the study.
Patients at least 18 years of age who were known to have or suspected of having focal liver lesions and who had been referred for both pre-and postcontrast MR imaging of the liver for preoperative work-up were included in the study. The following patients were excluded from the study: those who had received gadoxetic acid or any other investigational product within 30 days before study entry, those who had received another contrast material within 24 hours before or after administration of the study agent, those who had received any liver-specific contrast agent within 2 weeks before administration of gadoxetic acid, pregnant or nursing women, patients whose condition was clinically unstable or who were scheduled for biopsy or liver surgery within 24 hours after administration of the study agent, and patients with a history of anaphylactoid or anaphylactic reaction to any medication or contrast medium.
In addition, each patient was required to undergo a standard-of-reference examination (either histopathologic examination or intraoperative US), and, thus, only patients scheduled for surgery were included in the study. The resected pathologic specimen was to be sectioned in the same orientation (transverse) in which the MR images were obtained and with a slice thickness that was the same as the section thickness of the MR images (ie, 5-8 mm). Intraoperative US was required to be performed for the evaluation of nonresected segments of the liver. If pathologic examination and/or a complete intraoperative US examination was not performed in an individual case (eg, if a benign lesion was not resected and was not confirmed as benign with intraoperative US), follow-up with CT, MR imaging, or US was performed up to 3 months after the MR imaging study.
Contrast Agent
Gadoxetic acid is a liver-specific hepatobiliary MR imaging contrast agent (10,11) consisting of C 23 H 28 GdN 3 Na 2 O 11 molecules with a molecular weight of 725.71 Da. Specific properties of gadoxetic acid, such as its uptake by the anionic transporter protein in liver cells, have been described previously (12) . Gadoxetic acid exhibits a T1 relaxivity of 4.9 L ⅐ mmol Ϫ1 ⅐ sec Ϫ1 in water at 0.47 T. This is similar to the T1 relaxivity of gadopentetate dimeglumine (3.7 L ⅐ mmol Ϫ1 ⅐ sec Ϫ1 ) in the same conditions. In human plasma the T1 relaxivity of gadoxetic acid
). This may be explained by the higher degree of protein binding of gadoxetic acid (10.7% Ϯ 3.4
[SD]) compared with that of gadopentetate dimeglumine (1.6% Ϯ 4.2). At 37°C, gadoxetic acid has an osmolality of 0.89 osm per kilogram of water and a viscosity of 1.22 mPa. Biodistribution studies in humans revealed that gadoxetic acid has a dose-independent renal elimination of 41.6%-51.2%, a biliary elimination of 43.1%-53.2%, and an extrahepatic recirculation of approximately 4% (9) .
All patients received a 0.025 mmolper-kilogram-of-body-weight dose of a 
MR Imaging
All imaging centers had high-fieldstrength (1.0 -1.5-T) MR imaging systems and used phased-array coils that covered the entire liver. Before contrast material administration, patients were imaged with a T2-weighted fast spin-echo/turbo spin-echo breath-hold sequence (repetition time msec/echo time msec, Ն3,000/ 90 -120; matrix, 192-256 ϫ 256; section thickness, 5-8 mm; intersection gap, 0 -2 mm) and T1-weighted gradient-echo sequences with and without chemically selective fat suppression (100 -200/4 -8; flip angle, 70°-80°; matrix, 160 -192 ϫ 256; section thickness, 5-8 mm; intersection gap, 0 -2 mm). Immediately after contrast material administration, dynamic imaging in five sets, with 30 seconds between each set, was performed by using the T1-weighted gradient-echo sequence without fat suppression. Twenty minutes after contrast agent injection, the T1-weighted sequence with fat suppression and the T2-weighted fast spinecho/turbo spin-echo breath-hold sequence were repeated.
Image Evaluation
Image evaluation was performed as an on-site assessment by one clinical investigator in each center and separately as an off-site assessment by three experienced and independent abdominal radiologists (M.L., D.G.M., P.J.R.) who were not involved in the clinical investigation. These readers were fully blinded to any patient-related information and as to whether a given MR image had been acquired after the administration of contrast material. The readers were informed that the suspicion or knowledge of focal liver lesions was one of the inclusion criteria for the study. This off-site image reading was performed at a core laboratory for digital image management at Bio-Imaging Technologies in Philadelphia, Pa.
Image evaluation by the clinical investigators (ie, the on-site evaluation) included separate assessments of the precontrast T1-and T2-weighted images and of the postcontrast dynamic T1-weighted images and the T1-and T2-weighted images obtained 20 minutes after contrast material injection (ie, in the delayed hepatocyte phase).
The blinded off-site evaluation of the MR images consisted of three parts. Part Ia consisted of the presentation, in a randomized order, of either the precontrast or the postcontrast T1-weighted images only. Part Ib consisted of a randomized presentation of either all precontrast images (ie, the T1-and the T2-weighted precontrast images) or all postcontrast images (ie, the T1-weighted dynamic images and the T1-and T2-weighted images obtained 20 minutes after contrast material injection). In part II (which was performed at least 3 weeks after completion of part I), all precontrast and postcontrast images were displayed and evaluated together. This combined evaluation was intended to reflect clinical practice. Each of the three independent and blinded radiologists assessed all images of all patients in each part of the reading.
The efficacy parameters evaluated included the number of lesions and the size, location, and extension within liver segments of each individual lesion.
As a secondary variable, the performance of gadoxetic acid-enhanced MR imaging for the classification and characterization of focal liver lesions was evaluated both in the clinical on-site evaluation and in the off-site evaluation. Lesion classification consisted of differentiation between benign, malignant, or nonassessable lesions, whereas lesion characterization consisted of defining the specific lesion type. The following focal liver lesions were included in the differentiation process: hepatocellular carcinoma, cholangiocellular carcinoma, metastasis, and focal lymphoma, which were considered malignant lesions; and adenoma, focal nodular hyperplasia, hemangioma, abscess, focal liver fibrosis or fatty infiltration, regenerative nodule, hydatid cyst, liver cyst, and focus of normal liver tissue in fatty liver, which were considered benign lesions.
Correlation to Standard-of-Reference Results with Lesion Mapping and Lesion Tracking
It was ensured that individual lesions were correctly identified and compared throughout the study by using a method for lesion tracking and matching. For each image assessment, the investigator and the blinded readers completed liver maps by drawing each individual liver lesion on a map according to the Couinaud system of liver anatomy (13) . This was to be performed as accurately as possible (relative to lesion size and location) on the liver maps. Each lesion was allocated a number in each assessment-at this stage, the lesion numbers were not consistent between assessments. Similar maps were completed for the intraoperative US and histopathologic findings, as well as the findings at any follow-up examination. The surgeon did not record individual lesions on the map but instead marked the areas of the liver that were resected.
To track the lesions between assessments, an independent radiologist (A.B.) not participating in either the clinical study or the blinded reading compared the standard-of-reference maps with the maps generated after precontrast and postcontrast MR imaging. It was then possible to allocate a new number to each lesion that was consistent across all the assessments.
Statistical Analysis
The primary objective of this study was to calculate sensitivity in lesion detection and correct localization on a per-patient basis. Thus, the alternative hypothesis tested in this study was that the probability of a positive difference between the per-patient sensitivity of a first (eg, precontrast MR imaging) and a second test procedure (eg, postcontrast MR imaging) differed from the probability of a negative difference (ie, the distribution of the difference was not symmetric around zero). For each patient, the sensitivity for detected lesions was calculated as the relative frequency of lesions correctly detected with the procedure versus the frequency of lesions detected with the standard-of-reference examination. The comparison of the two test proceduresthat is, precontrast MR imaging and postcontrast MR imaging-was then based on differences between the per-patient sensitivities for the two test procedures in the individual patient (ie, paired differences). A two-sided Wilcoxon signed rank test, in which the clustered nature of the data was taken into account (14 -16) , was used for hypothesis testing for various comparisons, with P Ͻ .05 considered to indicate a statistically significant difference.
The comparison of combined unenhanced and gadoxetic acid-enhanced MR imaging versus unenhanced MR imaging alone (ie, combined vs precontrast imaging) was selected as the primary analysis. Comparisons of postcontrast MR imaging versus precontrast MR imaging and gadoxetic acid-enhanced T1-weighted MR imaging versus precontrast T1-weighted MR imaging were performed as part of a secondary analysis of this primary end point (Fig 1) . To investigate the homogeneity of the results, subgroup analyses for sex and for age (ie, patients Ͻ 45 years of age, patients between 45 and 65 years of age, and patients 65 years of age or older) were performed.
In addition to the patient-based approach, a lesion-based analysis that included all lesions verified at the standardof-reference examinations and matched to the lesions detected at the imaging examinations was performed.
Because the majority of therapeutic options in the treatment of focal liver lesions require information on a segmental level, an evaluation on this level was performed by assessing the involvement of liver segments by focal liver lesions. Sensitivity and specificity for "segment affected or not affected by lesion" were estimated in the usual way: sensitivity as N TPS /(N TPS ϩ N FNS ) and specificity as N TNS /(N TNS ϩ N FPS ), where N TPS is the number of truly positive segments, N FNS is the number of falsely negative segments, N TNS is the number of truly negative segments, and N FPS is the number of falsely positive segments.
As secondary efficacy variables, lesion classification and characterization at gadoxetic acid-enhanced MR imaging were evaluated and compared with the results of the standard-of-reference procedure. In the on-site evaluation, postcontrast MR imaging was evaluated versus precontrast MR imaging, and in the off-site evaluation, combined precontrast and postcontrast MR imaging was evaluated versus precontrast MR imaging.
RESULTS

Safety
The contrast medium was well tolerated by the patients. There were no clinically relevant changes in hemodynamic or laboratory parameters. No death or any adverse event leading to the discontinuation of a patient's participation in the study was reported. Of the 162 patients who received the gadoxetic acid injection, a total of 11 (6.8%) reported 21 adverse events. These adverse events were assessed as follows: one (injection site pain) was considered to be definitely related, five (nausea, vasodilatation, taste perversion, akathisia, paresthesia) were considered to be probably related, seven were considered to be possibly related, one was considered unlikely to be related, and seven were considered to be not related to the contrast agent. The most frequently reported adverse events that were definitely, possibly, or probably related to the contrast agent were nausea, vasodilatation, headache, taste perversion, and injection site pain (as classified with the Hoechst Adverse Reaction Terminology System terms).
Efficacy
A total of 302 lesions in 131 patients (mean number of lesions per patient, 2.31; range of lesions per patient, 0 -8) were verified at the standard-of-reference examinations (ie, histopathologic examination and/or intraoperative US and/or follow-up imaging). Histopathologic specimens were available for 112 patients; these revealed 205 lesions. In 129 patients, intraoperative US of the entire liver or the entirety of the nonresected liver segments was performed. In two patients, the entire liver could not be assessed with intraoperative US, and a follow-up examination with MR imaging and/or CT was performed.
At the standard-of-reference examinations, 215 of the lesions were classified as malignant and 80 were classified as benign. Seven lesions could not be assessed. The majority of the malignant lesions (172 lesions in 96 patients) were metastases (the primary malignancy was gastric or colorectal cancer in 81 patients, breast cancer in five, unknown in three, pancreatic cancer in two, and other cancers in five). The remaining malignant lesions were hepatocellular carcinoma (n ϭ 31) or cholangiocellular carcinoma (n ϭ 12). The benign lesions included 41 liver cysts, 18 hemangiomas, seven focal nodular hyperplasias, and 14 other lesions (eg, adenomas, hydatid cysts, abscesses). Of 131 patients whose results could be included in the efficacy analysis, two were found to have no lesions at the standard-of-reference examination. The patient-based analyses in both the on-site and the off-site evaluations were therefore based on results in 129 patients.
Patient-based Evaluation of On-Site Data
In the patient-based evaluation of correct lesion detection and localization on site, results of precontrast MR imaging were identical to those of the standardof-reference examination in 89 patients (69.0%). With postcontrast MR images (ie, the dynamic MR images and the images obtained 20 minutes after contrast agent injection in the delayed hepatocyte phase), results matched those of the standard-of-reference examination in 103 patients (79.8%). Overall, in 21 of the 129 patients, postcontrast MR imaging results differed from precontrast MR imaging results. In 19 of these patients (90%), the findings at gadoxetic acid-enhanced MR imaging proved to be correct, resulting in a highly significant difference between postcontrast and precontrast MR imaging in correct detection and localization of lesions (P Ͻ .001). The number of patients with falsely positive results increased from 39 at precontrast MR imaging to 43 at postcontrast MR imaging.
Lesion-by-Lesion Analysis of On-Site Data
When a lesion-based analysis of correct lesion detection and localization was performed (for the 302 lesions verified at the standard-of-reference examination), the percentages of correctly matched lesions were observed to have changed from 80.8% at precontrast MR imaging to 87.4% at postcontrast MR imaging: At precontrast MR imaging, 244 lesions (214 lesions Ն 1 cm and 30 lesions Ͻ 1 cm) were correctly matched, whereas 264 lesions (222 lesions Ն 1 cm and 42 lesions Ͻ 1 cm) were correctly matched at postcontrast MR imaging.
Evaluation of Lesion Classification and Characterization at On-Site Reading
Injection of gadoxetic acid also improved the number of patients in whom all lesions were correctly detected, localized, and classified (from 75 [58.1%] to 91 [70.5%] of 129 patients) and in whom all lesions were correctly detected, localized, and characterized (from 66 [51.2%] to 81 [62.8%] of 129 patients). The perpatient sensitivity for classification (P Ͻ .001) and that for characterization (P Ͻ .001) ( Table) were significantly higher with postcontrast MR imaging than with precontrast MR imaging.
Patient-based Evaluation of Off-Site Data
In the patient-based evaluation of the assessments of all three readers, we found that the readers correctly matched all lesions in more patients with the gadoxetic acid-enhanced MR images (Fig 2) . The numbers of the 129 patients in whom lesions were correctly matched increased from 72 (55.8%), 68 (52.7%), and 66 (51.2%) with precontrast MR images to 88 (68.2%), 69 (53.5%), and 76 (58.9%) with postcontrast MR images for readers 1, 2, and 3, respectively. When precontrast and postcontrast MR images were presented together, the results for all three readers improved versus their results with the precontrast MR images pre- (Fig 3) .
Overall, for 30 (reader 1), 29 (reader 2), and 37 (reader 3) of the 129 patients, postcontrast MR imaging results differed from those at precontrast MR imaging. In 26 (87%), 19 (66%), and 27 (73%) of these patients, the findings at gadoxetic acid-enhanced MR imaging were correct. For readers 1 and 3, this constituted a statistically significant difference (P Ͻ .001 for reader 1, P ϭ .008 for reader 3) in favor of gadoxetic acid-enhanced MR imaging. When combined precontrast and postcontrast MR images were compared with precontrast images alone, the difference was significant for one reader (P ϭ .006 for reader 1 vs P ϭ .101 and P ϭ .059 for readers 2 and 3, respectively).
To evaluate the effect of gadoxetic acid at T1-weighted MR imaging alone, the precontrast T1-weighted MR images were compared with the postcontrast T1-weighted MR images. The results of all three readers demonstrate the superiority of gadoxetic acid-enhanced MR imaging: With postcontrast T1-weighted MR images, reader 1 correctly matched all lesions in 83 (64.3%) of the 129 patients, reader 2 correctly matched all lesions in 70 (54.3%) patients, and reader 3 correctly matched all lesions in 68 (52.7%) patients. However, with unenhanced T1-weighted MR images, reader 1 correctly matched all lesions in 69 (53.5%) patients, reader 2 correctly matched all lesions in 64 (49.6%) patients, and reader 3 correctly matched all lesions in 61 (47.3%) patients. This increase in accuracy with gadoxetic acid-enhanced MR images was statistically significant for two of the three readers (P ϭ .007 and P ϭ .024 for readers 1 and 3, respectively, vs P ϭ .060 for reader 2).
The numbers of 131 patients for whom the readers recorded at least one falsely positive lesion at precontrast MR imaging were 55 (42.0%), 25 
Lesion-by-Lesion Analysis of Off-Site Data
When a lesion-based analysis of the off-site data was performed (for the 302 lesions verified at the standard-of-reference examination), the numbers of correctly matched lesions were 215 (71.2%), 197 (65.2%), and 191 (63.2%) with the precontrast MR images and 240 (79.5%), 207 (68.5%), and 212 (70.2%) with the postcontrast MR images for readers 1, 2, and 3, respectively. As in the patientbased evaluation, two of the three blinded readers had a slightly lower percentage when precontrast and postcontrast MR images were presented together: Readers 1, 2, and 3, respectively, correctly matched 230 (76.2%), 210 (69.5%), and 205 (67.9%) lesions (Fig 4) .
As in the clinical portion of the study, in this portion of the study, more small lesions were detected on postcontrast than on precontrast MR images (Fig 5) 
Segment-Level Evaluation of Off-Site Data
Evaluation of Lesion Classification and Characterization at Off-Site Reading
In our evaluation of a secondary end point in the off-site assessment, we again found that administration of gadoxetic acid improved the classification and characterization of focal liver lesions (Fig  6) . For two of the three readers, the perpatient sensitivity for classification was significantly higher with postcontrast MR images alone (P ϭ .001, P ϭ .051, and P Ͻ .001 for readers 1, 2, and 3, respectively). The per-patient sensitivity for lesion classification with combined precontrast and postcontrast MR images was significantly higher for only one reader (P ϭ .175, P ϭ .001, and P ϭ .081 for readers 1, 2, and 3, respectively). For two of the three readers, the per-patient sensitivity for lesion characterization (Table) was significantly higher with postcontrast MR images alone (P ϭ .063, P ϭ .004, and P Ͻ .001 for readers 1, 2, and 3, respectively) or with combined pre-and postcontrast MR images (P ϭ .041, P Ͻ .001, and P ϭ .480 for readers 1, 2, and 3, respectively) than with precontrast MR images alone.
Subgroup Analysis
The results of comparison of the data for male and female patients and comparison of the data among the three age subgroups were similar and were comparable with the results in the overall patient population in both the on-site and off-site evaluations.
DISCUSSION
MR imaging is an established diagnostic modality for the evaluation of liver lesions. With the advent of high-performance spoiled T1-weighted gradientecho sequences, coverage of the entire liver during a single breath hold is standard in clinical practice. In combination with the use of nonspecific extracellular contrast media, dynamic imaging now enables differentiation of the phases of hepatic perfusion and, thereby, characterization of focal liver lesions (4) .
During the past decade, several liverspecific MR imaging contrast agents have been developed and investigated in clinical studies with the objective of further increasing the performance of MR imaging of the liver, especially in terms of lesion detection (6 -8,14) . The increase in liver-to-lesion contrast observed when these agents are used enables focal liver lesions to be detected more easily and localized more precisely. Some of these contrast agents, however, cannot be injected as a bolus, making it impossible to use them with dynamic imaging. The new liver-specific contrast medium gadoxetic acid offers the possibility of performing both dynamic and liver-specific (ie, hepatocyte-phase) MR imaging and may enable high lesion detection rates and the ability to characterize focal liver lesions (17, 18) .
One of the many requirements for an organ-specific contrast medium is that it have a good safety profile. The high tolerability of currently used extracellular MR imaging contrast agents represents a standard that has not been fully achieved so far with available liver-specific contrast media. The results of our study suggest that the tolerability of gadoxetic acid is within a range that is comparable with reported ranges for the tolerability of extracellular gadolinium-based contrast agents (5, 9, (17) (18) (19) (20) .
Better understanding of liver anatomy has led to improvements in segmental resection surgery, and, as a result, patient outcome has improved markedly (21) . Resection of malignant hepatic lesions has gained an important role in the management of primary liver tumors and metastatic disease. Results of clinical studies have shown that preoperative hepatic imaging techniques, particularly MR imaging after the administration of a liver-specific contrast agent, have high sensitivity and specificity values for the detection of focal liver lesions (14, 22) . Results of another study in which intraoperative US was performed revealed that intraoperative US yielded additional information that facilitated segmental resection in nearly 50% of patients and led to changes in the surgical approach in 15% of patients (23) . Other researchers investigating primary and secondary liver malignancies reported an intraoperative change of surgical strategy in up to 42% (24) and 44% (25) of cases when intraoperative US was used. These data indicate that the currently available preoperative imaging tools still lack necessary accuracy and further illustrate that sensitivity is a relative measure that depends on the definition of "truth."
Thus, in comparing our results in detecting lesions by using a liver-specific contrast agent and an independent offsite evaluation with the results of published clinical studies, we should consider the level of reference or "truth." Studies in which results of histopathologic examination or intraoperative US of the entire liver are used as a standard of reference are relatively rare. Reports of most of these studies describe calculation of sensitivity and specificity values for correct lesion detection on the basis of lesion counting (5, 14) . In a multicenter phase III study involving the liver-specific contrast agent gadobenate dimeglumine and a study protocol similar to that used in our study, three off-site reviewers had sensitivity values between 61.0% and 67.3% at precontrast MR imaging performed with T1-and T2-weighted spin-echo sequences (6) . After contrast enhancement, sensitivity increased to values between 69.3% and 79.9%. A limitation of that study was that not all patients underwent a complete standard-ofreference examination; this complicates a comparison of the results of that study with our results because of the different approach to "truth" in terms of the reference standard and evaluation approach. In addition, lesion matching was not performed in that study.
We hypothesized that the most frequently published values for sensitivity and specificity do not reflect a realistic picture owing to the described methodologic limitations. In the present study, we therefore used more strict criteria in the evaluation of sensitivity in lesion detection. In addition to evaluating the ability to detect focal liver lesions by counting lesions per patient-which does not allow a clear distinction between, for example, truly and falsely positive lesions-we also performed a lesionby-lesion analysis and a per-patient analysis based on lesion matching. These analyses were performed throughout with the highest possible standard of reference-results of histopathologic examination and/or intraoperative US-and for all images to prove the presence and location of each individual lesion. To the best of our knowledge, no previous report of a study involving this kind of individual lesion tracking with only intraoperative confirmation in a compara- bly large patient population has been published. Given the strict criteria of our study, we expected our results to be numerically lower when compared with those of other published studies.
Our results show a consistent improvement in lesion detection after injection of gadoxetic acid at the level of patientbased and lesion-based analysis in both the on-site and off-site assessments. All existing lesions were correctly identified in the majority of patients and more lesions in total were correctly detected at gadoxetic acid-enhanced MR imaging. Our study data revealed better results for lesion detection and localization in the on-site evaluation, which is hardly surprising in that the on-site evaluation was performed by physicians who were familiar with the imaging equipment, the imaging protocols, and the image review workstations used. Although on one hand, an off-site blinded independent review eliminates much of the potential for bias, on the other hand, it imposes a condition that does not exist in clinical routine by also excluding any knowledge of patient-related information in that only standardized image material is presented.
In the blinded reading, we observed that the readers performed slightly better with the postcontrast MR images alone than with the combined pre-and postcontrast MR images. Two of three readers were able to correctly match all lesions in a slightly higher number of patients when the unenhanced T1-weighted MR images were not available. One explanation for this could be the "visual overflow" that might be experienced by the readers when a higher number of images are available. It could also be that the readers rejected the suspicion of liver lesions on postcontrast T1-weighted MR images in comparison with precontrast MR images because of a lack of experience and confidence with the new contrast agent gadoxetic acid.
The increases (of between 3.3% and 8.3%) in the percentages of correctly detected lesions that we observed between the precontrast and postcontrast MR image assessments in the blinded off-site evaluation can be considered to be relevant. In our study, a high number of lesions that were additionally correctly detected and localized with gadoxetic acid-enhanced MR images were smaller than 10 mm. The size of a hepatic metastasis is an important prognostic factor. Results of a study that included patients with metastatic colorectal cancer revealed that nearly 50% of all liver metastases detected with intraoperative US had a diameter of less than 10 mm (26) . This underlines the importance of lowering the detection threshold as a prerequisite for improving patient outcome. According to our study data, use of gadoxetic acid will enable this detection threshold to be lowered.
In our study, the improvement in the number of correctly detected lesions at the various levels of evaluation outweighed the slight increase in false-positive lesion detections. In this context, the use of results of intraoperative US as a standard of reference for the evaluation of the nonresected portions of the liver should be critically discussed as a limitation of this study. Ultimately, only 205 of the 302 standard-of-reference-proved lesions were confirmed at histopathologic examination (which was considered the highest standard of reference). Intraoperative US is believed to be the examination with the highest accuracy when hepatectomy specimens are not available, but sensitivity of intraoperative US is likely to be lower than the sensitivity of pathologic examination. The reported sensitivity of intraoperative US varies between 80% and 98% (24, 26, 27) . Falsenegative results occur mainly with subcapsular lesions because intraoperative US is limited in its ability to cover the superficial subcapsular regions of the entire liver. Therefore, some lesions detected at MR imaging that were classified as falsely positive owing to nonconfirmation of the lesion by the intraoperative US results might in fact have been positive but missed at intraoperative US.
Despite the superiority of our data to some clinical data from comparisons of the benefits of invasive intraoperative US with the benefits of noninvasive diagnostic imaging methods (24 -26) , the accuracy of contrast material-enhanced MR imaging in the correct detection and localization of focal liver lesions seems low and the number of false-positive results remains relatively high, revealing the need for further efforts to increase the accuracy of liver MR imaging. The use of three-dimensional sequences with lower section thicknesses and image reconstruction in different planes (28, 29) in combination with the use of the liverspecific contrast agent gadoxetic acid could be a promising approach.
The levels of correct classification and characterization of focal liver lesions were only secondary variables in this "detection study." The reason for that was the carefully selected patient population, which included only patients scheduled for surgery. The variety of focal liver lesions in our study was therefore relatively limited, and malignant lesions predominated. The distribution of lesions in our study is not typical of that seen in the general population of patients undergoing liver imaging, which includes a higher proportion of patients with benign lesions or no lesions.
In our study, a high percentage of the benign lesions were cystoid lesions, which have unique MR imaging features (eg, long T2, nonenhancement) that improve their conspicuity and facilitate their differentiation from malignancies. These lesions could have artificially increased the sensitivities for all evaluation parameters.
Within the selected population in this study, our data indicate that use of gadoxetic acid has the potential to improve lesion classification and characterization. Results of previous studies have revealed that imaging after injection of gadoxetic acid has dynamic properties very similar to those of dynamic imaging after injection of extracellular gadolinium-based contrast media (17, 18) , which is the current MR imaging method of choice for characterization of focal liver lesions (30) . However, to prove the effectiveness of this new liver-specific contrast medium in lesion classification and characterization in a more general population, additional studies must be performed.
Furthermore, whether the use of gadoxetic acid (as the first liver-specific contrast agent that can be administered as a bolus injection and has an efficient extracellular phase and a liver-specific phase in a clinically acceptable time frame) can change the indications for liver MR imaging must still be proved. The costs of MR imaging, the limited volume coverage at MR imaging compared with that at CT (which complicates screening for widespread metastases with MR imaging), and the duration of the MR imaging examination limit liver MR imaging at present to use in a restricted patient population.
In conclusion, gadoxetic acid is a safe MR imaging contrast agent that can be rapidly injected and improves detection and correct localization of focal liver lesions. In addition, use of this liver-specific contrast agent increases the ability to classify and characterize focal liver lesions correctly.
